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(57)Abstract: 

PURPOSE: To ensure the steering stability on a pavement having low 
frictional resistance along with the operational performance by 
performing the torque control of a motor surely depending on the slip 
state of wheel. 

CONSTITUTION: A vehicle controller 8 operates the acceleration of 
wheel based on the number of rotation of a motor 2 and presence of slip 
is determined based on the acceleration thus operated and a current 
torque command value T. When a slip is present, a command for lowering 
the torque of the motor 2 is sent to a motor controller 7. When the slip 
is not present, a transition is made to normal travel control after the 
current torque command value reaches a basic torque value. With such 
arrangement a smooth traveling can be realized on a road having low 
frictional resistance. 
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.* NOTICES * i 



JPO and NCIPI are not responsibl^5r any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A slip detection means to compute the acceleration of the rotational frequency empty vehicle ring of a 
drive motor, and to judge the existence of a slip of a wheel from the acceleration of this wheel, and the 
acceleration of the car body based on the torque command value of said drive motor, When judged with those of 
a wheel with a slip by said slip detection means, When the torque down of the torque command value to said 
drive motor was carried out and it is judged with having no slip of a wheel by said slip detection means, The drive 
control unit of the electric vehicle characterized by having the torque control [ value / to said drive motor / 
torque command ] means according to the amount of accelerator pedal treading in controlled to usually become 
the command value of transit. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the drive control unit of the electric vehicle which improves the 

driving stability in a low friction way. 

[0002] 

[Description of the Prior Art] Generally, although the smooth operation feeling was obtained by the flat torque 
characteristic of a motor in the electric vehicle, on the other hand, by snow coverage, freezing, etc., since the 
low running torque of a motor was comparatively large when a road surface condition is bad, delicate accelerator 
actuation was required, and there was a problem that an operators burden increased. 

[0003] For this reason, in case an electric vehicle departs for JP, 5-951 10,U from a low mu way for example, by 
detecting the existence in which a road surface gets wet, restricting the output current at the time of start, and 
controlling a motor brake horsepower, when the signal judged that the road surface has got wet is received, the 
technique of preventing a tire slipping is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if the road surface has got wet, a tire does not 
necessarily slip, like said advanced technology, if a motor output is uniquely controlled according to a road 
surface condition, without actually detecting a slip of a tire, although the tire has not slipped, a motor output will 
be controlled and aggravation of start performance degradation or an operation feeling will be caused. 
[0005] It aims at offering the drive control unit of the electric vehicle which can secure performance while this 
invention was made in view of said situation, performs the positive motor torque control according to the slip 
condition of a wheel and secures driving stability on a road surface with low frictional resistance. 
[0006] 

[Means for Solving the Problem] The drive control unit of the electric vehicle by this invention computes the 
acceleration of the rotational frequency empty vehicle ring of a drive motor. A slip detection means to judge the 
existence of a slip of a wheel from the acceleration of this wheel, and the acceleration of the car body based on 
the torque command value of said drive motor, When judged with those of a wheel with a slip by said slip 
detection means, When the torque down of the torque command value to said drive motor was carried out and it 
is judged with having no slip of a wheel by said slip detection means, It has the torque control [ value / to said 
drive motor / torque command ] means according to the amount of accelerator pedal treading in controlled to 
usually become the command value of transit. 
[0007] 

[Function] In the drive control unit of the electric vehicle by this invention The acceleration of the wheel 
computed from the rotational frequency of a drive motor, the acceleration of the car body based on the torque 
command value of a drive motor, and the existence of a slip of an empty vehicle ring are judged. When it judges 
with those of a wheel with a slip, the torque down of the torque command value to a drive motor is carried out, 
and when it judges with having no slip of a wheel, the torque command value to a drive motor is controlled to 
become the command value of the usual transit according to the amount of accelerator pedal treading in. 
[0008] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. A drawing is applied 
to one example of this invention. Drawing 1 The circuit block diagram of a motor control system, The flow chart 
of motor torque control processing and drawing 4 drawing 2 and drawing 3 The flow chart of slip detection 
processing. The explanatory view showing the grade resistance of a vehicle [ in / in drawing 5 / an inclination 
way ], the explanatory view in which drawing 6 shows the output characteristics of an accelerator pedal switch 
and an accelerator sensor, The explanatory view in which drawing 7 shows a shift lever and a shift switch, the 
explanatory view in which drawing 8 shows the characteristic curve of a motor, the explanatory view in which 
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drawing 9 shows the relation be^fen an accelerator pedal stroke and an^^ut torque, and drawing 10 are the 
explanatory views of the map fo^rslip judging. 

[0009] In drawing 1 , a sign 2 is a motor for transit carried in an electric vehicle, and is an alternating current 
induction motor in this example. The transformer axles 3 which consist of a reducer and a differential gear are 
formed successively through the clutch by this motor 2, and the driving force from this transformer axle 3 is 
transmitted to both the front wheels 5 through the knuckle spindle 4 on either side. 

[0010] Moreover, the motorised circuit 6 which consists of an inverter which changes into the high frequency of 
a predetermined electrical potential difference the direct current voltage from the Maine dc-battery 9 which is a 
main power supply for a transit drive is connected to said motor 2, the motor controller 7 which controls the 
frequency of a motor, an electrical potential difference, and a current (skid) in this motorised circuit 6 is 
connected to it, and the vehicle controller 8 which outputs a torque command signal to this motor controller 7 is 
further connected to it. 

[001 1] Said motor controller 7 consists of PWM controllers which output the PWM (Pulse Density Modulation) 
signal for controlling the frequency of a motor, an electrical potential difference, and a current (skid) from the 
torque command signal from said vehicle controller 8, and said vehicle controller 8 consists of microcomputers 
to which CPU, ROM, RAM, an I/O interface, etc. were connected through the bus. 

[0012] And said I/O interface is vehicle minded [ said / 8 ]. The accelerator pedal switch 10, the accelerator 
sensor 11, the shift switch 12, the rotation sensors 13a and 13b, And the switch sensors of the brake-pedal 
switch 20 grade formed successively to the brake pedal which is not illustrated And said motor controller 7 is 
connected, the signal from each switch sensors is processed, the torque over said motor 2 is set up according 
to the amount of accelerator treading in, and it outputs to said motor controller 7. 

[0013] As said accelerator pedal switch 10 and said accelerator sensor 11 are shown in drawing 5 , and it is 
formed successively by the accelerator pedal 14 prepared in the floor line of the drivers seat of an electric 
vehicle 1 and is shown in drawing 6 , said accelerator pedal switch 10 turns on by the minute stroke of beginning 
which said accelerator pedal 14 completes, and the accelerator signal which carried out proportionally 
[ abbreviation ] is outputted to the amount of treading in of said accelerator pedal 14 (accelerator pedal stroke) 
from said accelerator sensor 11. 

[0014] Moreover, as shown in drawing 7 , said shift switch 12 is a switch which are formed successively by the 
base of a shift lever 15 and detects a shift position, and when said shift lever 15 is shifted to the location of 
transit range, such as a neutral range (N range), a drive range (D range), and a reverse range (R range), it 
detects the shift position. 

[0015] Moreover, said rotation sensors 13a and 13b are attached in said motor 2 at the predetermined spacing, 
it is the sensor which generates the pulse signal from which a phase differs mutually, and the rotational 
frequency and hand of cut of said motor 2 are detected by comparing the pulse signal of two different phases by 
said vehicle controller 8. 

[0016] On the other hand, the sign 16 in drawing 1 is a subdc-battery for control power sources, and if this 
subdc-battery 16 is connected to said motor controller 7 and said vehicle controller 8 through a key switch 17 
and said key switch 17 is turned on, the power source for control will be supplied to said motor controller 7 and 
said vehicle controller 8. 

[0017] And while realizing the function as a slip detection means perform the program of the slip detection 
processing mentioned later by said vehicle controller 8, and judge the existence of a slip of a wheel, the function 
as a torque control means performs in the program of the motor torque control processing mentioned later, and 
control the output torque of said motor 2 realizes, and the torque command (rate command) signal of a torque 
rise and a torque down outputs to said motor controller 7. 

[0018] Hereafter, drive control processing of the motor 2 by said vehicle controller 8 is explained according to 
the flow chart of drawing 2 - drawing 4 . 

[0019] First, in motor torque control processing of drawing 2 and drawing 3 , the vehicle speed judges whether 
they are nothing or a minute condition at step S1, and in being under transit with the vehicle speed more than 
predetermined, it usually shifts to transit control from step S1, in the case of nothing [ vehicle speed ] or a 
minute condition, it progresses to step S2, and judges whether a shift position is D or R range with the signal 
from the shift switch 12. 

[0020] And when a shift position is N range, a motor 2 is stopped and it escapes from a program, when a shift 
position is D or R range, it progresses to step S3 from said step S2, and the hand of cut of a motor 2 is 
calculated from the signal of two pulses with which the phases from the rotation sensors 13a and 13b differ, and 
it investigates whether the hand of cut of a motor 2 is opposite to a shift position by step S4. 
[0021] Consequently, when the hand of cut of a motor 2 is the same direction to a shift position, namely, while 
the motor 2 is rotating in the vehicle advance direction to D range, or while the motor 2 is rotating in the vehicle 
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retreat direction to R range It pngj^sses to henceforth [ step SI 3 ] from s^lstep S4, and to a shift position, 
when the hand of cut of a motor\^p) opposite, it is judged as the conditior\l|M: the vehicle has slipped down by 
the road with inclination, and progresses to henceforth [ step S5 ] from saidstep S4. 

[0022] First, the processing after step S5 in the condition that the vehicle has slipped down by the road with 
inclination is explained, extent which whether the accelerator pedal switch's 10 turning on and an operator apply 
a guide peg to an accelerator pedal 14 at step S5, and the accelerator pedal switch 10 turns on — it 
investigates whether it is the condition broken in slightly, an operator separates a guide peg from an accelerator 
pedal 14, and when the accelerator pedal switch 10 is OFF, it progresses to step S6 from said step S5. 
[0023] At step S6, further, the brake-pedal switch 20 investigates whether it is ON, and when the brake-pedal 
switch 20 is ON Suspend a motor 2, escape from a program, and when the brake-pedal switch 20 is OFF, by said 
step S4 It turns out that a vehicle slips down on an inclination way and is in a condition, and when both the 
accelerator pedal switch 10 and the brake-pedal switch 20 are OFF, it progresses to step S7 from said step S5, 
and it slips down and considers as resistance mode. It slips down, and it is the mode for preventing this thing 
[ that a vehicle slips down on an inclination way ], and resistance mode outputs the torque command value T 
which generates the minute torque TS 1 set up beforehand to the motor controller 7 f and returns to said step 
S5. 

[0024] And in the loop formation of step S5 to the step S7, even if it drives a motor 2 with the minute torque TS 
1 in said shearing omission resistance mode, the shearing omission of a vehicle may occur on the large 
inclination way of an inclination. In this case, if an operator breaks in accelerator ** Dahl 14 slightly, the 
accelerator pedal switch 10 will serve as ON, it will progress to step S8 from step S5, and the accelerator signal 
from the accelerator sensor 1 1 will investigate [ nothing or ] whether it is minute. 

[0025] At said step S8, when an accelerator signal is in the condition which put the guide peg lightly on nothing 
or minuteness 14, i.e., an accelerator pedal When it progresses to step S9 from said step S8, the rotational 
frequency of a motor 2 investigates [ of S**1 ] whether it is a restricted idle state mostly and the condition S of 
nothing, i.e., the skid of a motor 2, is a restricted idle state, To said step S5, when it is not return and a 
restricted idle state In the direction which it progresses to step S10, and the frequency, electrical potential 
difference, and current (skid) of a motor 2 are changed, and sets the rotational frequency of a motor 2 to 0, only 
amount of unit torque amendments delta ti outputs the torque command value T brought [ which is brought 
down and torque-rises ] down to the motor controller 7, and returns to said step S5. 

[0026] The motor torque TS in the inclination way of an electric vehicle 1 to prevent [ slip down, and / for Force 
(rolling resistance) F to be F=mgsintheta when vehicle weight of an electric vehicle 1 is set to m, as shown in 
drawing 5 , and ] shearing omission sets a tire effective radius to R, it sets a reduction gear ratio to i here, and it 
is given by TS=F~R/i. 

[0027] On the other hand, if the motor 2 which is an induction motor sets to ns, the rotational frequency, i.e., the 
synchronous rotational frequency, of rotating magnetic field of a stator, and sets a rotator rotational frequency 
to n, a skid S will be S= (second-n)Ais, and value PM/omega (omega=2pin/60) which **(ed) the secondary 
output (mechanical power output) PM which is the function of this skid S and the motor electrical potential 
difference V with the rotator angular velocity omega will serve as the generating torque TM of a motor 2. And 
the condition of the retarder which is rotating to hard flow, and the range of S< 0 are in the condition of a 
generator, generating the torque of the direction as the directions torque as motor operation where the 
condition of a motor usual in the range of 0<=S<=1 and the range of S> 1 are the same, as shown in drawing 8 . 
[0028] Therefore, if the generating torque TM of the motor 2 in the field frequency fO is TM<TS, since the 
shearing omission of a vehicle will occur, the rotator rotational frequency n of a motor 2 will serve as negative 
and it will become the braking operating range of S> 1, In the condition of getting into the accelerator pedal 14 
slightly A frequency [ as opposed to / repeat the loop formation of steps S5-S10, and / a motor 2 ], Amend an 
electrical potential difference and a current (skid), and it is made to become TM^TS finally, and the rotator of a 
motor 2 slips down and it enables it to make a vehicle stand it still on an inclination way by the restricted idle 
state of S= 1 (n= 0) which resists the force and stands it still. 

[0029] Next, if it gets into an accelerator pedal 14 further and the amount of treading in of an accelerator pedal 
14 exceeds the set point, it will investigate whether it branches from said step S8 to step S1 1, and to a shift 
position, that it is the contrary, i.e., a vehicle, slips down, the hand of cut of a motor 2 escapes from a condition, 
and it is progressing in the shift direction. 

[0030] Consequently, while it slips down and the condition is still continuing, the torque command value T in 
which the frequency, electrical potential difference, and current (skid) of a motor 2 are changed, and only 
amount of unit torque amendments delta ti carries out a torque rise at step S12 is outputted to the motor 
controller 7, and it returns to said step S5. On the other hand, when it slips down and escapes from a condition, 
it progresses to henceforth [ step S13 ]. 
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[0031] that is, at the time of sl^Astart, it is shown in drawing 9 — as -^^Rjally — the accelerator pedal 
stroke at the time of transit (d^^tion value of the accelerator sensor 1 T^^- receiving — beforehand — the 
inside of the vehicle controller 8 — a map — the basic torque TBASEHzing [ the torque ] and stored — every 
[ amount of unit torque amendments deltati ] — shearing omission is prevented as it was made to increase in 
step. 

[0032] Next the step S13 or subsequent ones when the hand of cut of a motor 2 is no longer an opposite 
direction is explained to a shift position. 

[0033] At step S13, the accelerator pedal switch 10 investigates whether it is ON, when the accelerator pedal 
switch 10 is OFF, it is step S14 and the brake-pedal switch 20 investigates further whether it is ON. 
consequently, when the brake-pedal switch 20 is ON (i.e., when an operator separates a guide peg from an 
accelerator pedal 14 and the brake pedal which is not illustrated is stepped on) When it is judged as a vehicle 
halt, a motor 2 is suspended, it escapes from a program and the brake-pedal switch 20 is OFF, That is, when the 
operator has detached the guide peg for either the accelerator pedal 14 and the brake pedal which is not 
illustrated, it is judged as the transit in slow speed, and progresses to step S15 from said step S14. 
[0034] At step S15, the torque command value T in the crawling mode in which the minute torque TS 2 is 
generated is outputted to the motor controller 7, and it returns to said step S2. The crawling mode in this step 
S15 is equivalent to the slow speed of the creep by the automatic transmission which used the hydraulic torque 
converter, or is the mode in which the slow speed not more than it is generated, and can mitigate an operator's 
burden from complicated operation in crawling transit of delay transit etc. 

[0035] It investigates whether it is in the condition to which it progressed to step S16 from said step S13, and 
the accelerator signal carried the guide peg lightly in nothing or the minute condition 14, i.e., an accelerator 
pedal, at said step S13 on the other hand when the accelerator pedal switch 10 was ON. Where a guide peg is 
lightly put on an accelerator pedal 14, an accelerator signal and nothing or when minute At step S17, the 
rotational frequency of a motor 2 investigates whether it is the restricted idle state of nothing, and at the time 
of a restricted idle state, to step S13, when it is not return and a restricted idle state It progresses to step S18, 
the torque command value T which makes it downed [ are downed and it torque-rises / value ] in the direction 
in which the frequency, electrical potential difference, and current (skid) of a motor 2 are changed, and only 
amount of unit torque amendments delta ti sets the rotational frequency of a motor 2 to 0 is outputted to the 
motor controller 7, and it returns to said step S13. 

[0036] next, an accelerator signal — nothing — or if extent which is not minute gets into an accelerator pedal 
14, it will progress to step S19 from said step S16, slip detection processing will be performed, and the existence 
of a slip will be detected. 

[0037] By this slip detection processing, first, the rotational frequency N of a motor 2 is read at step S30, and 
acceleration a is calculated at step S31 from variation deltaN in time amount deltat of this rotational frequency 
N (delta N/delta t=a). Since rotation of a motor 2 is transmitted to a wheel, without minding a clutch, this 
acceleration a turns into acceleration of a wheel. 

[0038] Next, if it progresses to step S32 and the current torque command value T is read, it will investigate 
whether with reference to the map for a slip judging, it is in a slip field at step S34 by step S33 by making into a 
parameter wheel acceleration a computed at this torque command value T and said step S31. 
[0039] namely, when a road surface is certainly gripped and it runs a road surface, without a tire slipping, 
acceleration a of a car body Since it carries out proportionally [ abbreviation ] at the generating torque of a 
motor 2, said map for a slip judging As shown in drawing 10 , car-body acceleration a' for which it asked by 
experiment etc. beforehand corresponding to the torque command value T is made into boundary Rhine. If the 
wheel acceleration a calculated from the current motor rotational frequency to car-body acceleration a' which is 
divided into the slip field and the grip field and becomes settled in the current torque command value T is in the 
field of a>a' It is in the slip condition that the wheel acceleration from which a tire races and driving force is not 
completely transmitted to a road surface is larger than car-body acceleration. If the wheel acceleration a 
calculated from the current motor rotational frequency to car-body acceleration a T which becomes settled in the 
current torque command value T is in the field of a<=a' It is in the condition the acceleration of a wheel and 
whose acceleration of a car body corresponded, or the condition on the way of the output torque of a motor 2 
going up to the value according to the torque command value T, and it can be judged that a tire is in a grip 
condition. 

[0040] therefore, when the wheel acceleration a is in a>a\ i.e., a slip field, to car-body acceleration a' which 
becomes settled in the current torque command value T In order to progress to step S35 from said step S34 
and to show a condition with a slip, For example, in setting a flag, escaping from a routine and being in a<=a', i.e., 
a grip field, in order to progress to step S36 from said step S34 and to show a condition without a slip, a flag is 
cleared and it escapes from a routine. 
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[0041] In' addition, in said map fo^ slip judging, in the very small field in \^^h a slip cannot take place, 
acceleration makes boundary F^^pfor a slip judging (car-body accelerat^Hthe fixed value (deltaN/deltat) L, 
and is attaining stabilization of the control system in the field where a torque command value is low. 
[0042] And if it returns from the above slip detection processing to motor torque control processing, with 
reference to a flag, the existence of a slip is investigated at step S20, when there is a slip, the torque command 
value T after amendment in which progressed to step S21 and only amount of unit torque amendments delta ti 
carried out the torque down will be outputted to the motor controller 7, and it will return to step S2. 
[0043] On the other hand, when it is judged at said step S20 that there is no slip, it progresses to step S22 and 
whether the value whose basic torque's TBASE corresponds with said torque command value T after 
amendment mostly by treading in (increase of an accelerator pedal stroke) of an accelerator pedal 14 having 
been reached, and T~TBASE=delta T**0 are investigated, and — the time of deltaT**0 — treading in of an 
accelerator pedal 14 — the inside of the above-mentioned vehicle controller 8 — a map — areHzing, and the 
basic torque stored judges that it is in the condition of having reached the torque command value after 
amendment, and usually shifts to transit control. 

[0044] When it judges that it is not delta T**0 at step S22, it progresses to step S23. deltaT> When treading in of 
0 [14 ], i.e., an accelerator pedal, is small, to step S13 Return, When treading in of deltaTXO [14 ], i.e., an 
accelerator pedal, is large, it progresses to step S24, and it repeats until only amount of unit torque amendments 
delta ti carries out a torque rise and return and the process which is the above-mentioned respectively are set 
to deltaT**0 to step S13. 

[0045] Without this requiring skill of an operator like before, slope start can be performed smoothly, the shearing 
omission by the lack of treading in of an accelerator pedal 14 and the sudden start by the counteraction can be 
avoided, and an operators burden can be mitigated. 

[0046] Moreover, when it is in the condition that the frictional resistance of a road is low, while being able to 
perform the positive torque control according to the existence of a slip of a wheel and improving driving stability, 
smooth start is enabled and aggravation of an operation feeling can be prevented. 

[0047] In addition, in this example, although the example whose motor 2 for transit is an alternating current 
induction motor was explained, an alternating current synchronous motor or a DC motor is sufficient as a motor 
2, without limiting this invention to this. Moreover, an accelerator pedal switch signal may have and make an 
accelerator signal serve a double purpose. 
[0048] 

[Effect of the Invention] As explained above, according to this invention, the acceleration of the wheel computed 
from the rotational frequency of a drive motor, the acceleration of the car body based on the torque command 
value of a drive motor, and the existence of a slip of an empty vehicle ring are judged. When it judges with those 
of a wheel with a slip, the torque down of the torque command value to a drive motor is carried out. In order 
[ which responded the torque command value to a drive motor to the amount of accelerator pedal treading in 
when it judged with having no slip of a wheel ] to control to usually become the command value of transit, While 
being able to perform the positive motor torque control according to the slip condition of a wheel and securing 
driving stability on a road surface with low frictional resistance, the effectiveness which was [ be / 
performance / securable ] excellent is acquired. 



[Translation done.] 
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JPO and NCIPI are not responsiblefor any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit block diagram of a motor control system 

[Drawing 2] The flow chart of motor torque control processing 

[Drawing 3] The flow chart of motor torque control processing (continuation) 

fD rawing 4] The flow chart of slip detection processing 

[Drawing 5] The explanatory view showing the grade resistance of the vehicle in an inclination way 
[Drawing 6] The explanatory view showing the output characteristics of an accelerator pedal switch and an 
accelerator sensor 

[Drawing 7] The explanatory view showing a shift lever and a shift switch 
[Drawing 8] The explanatory view showing the characteristic curve of a motor 

[Drawing 9] The explanatory view showing the relation between an accelerator pedal stroke and an output torque 

[Drawing 10] The explanatory view of the map for a slip judging 
[Description of Notations] 

1 Electric Vehicle 

2 Motor 

8 Vehicle Controller 



[Translation done.] 
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